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DiSCRHTIOfc AND OPERATIOH OF TKb 
GENERAL PURPOSE VAHIABI.E DLLAX UNIT 

Abstract 

The general purpose variable dela/ unit la a de\lce designed for obtaining a 
trigger pulse delayed i.". tine fron >in input trigger. The amount of delay time 
can be varied continuously from a fixed :-5rinum value of about 10 microseconds 
(approximately 1 statute mile) to a —**■'— of ;.bout '^00 microseconds (ap- 
proximately 200 nautical miles), de;« ding of err» on the pur'od between In- 
put trit^ers. In fact, th«? na:uT. delay cui bo up to 85 percent jf the dur- 
ation if this period. Tnc unit rill accent a positive or negative trigger 
rising to at least 50 volts in .5 microsecond and supplies a positive or neg 
ative trigger output. The c-tput triggers rite *o 90 percent of maximum ara- 
plit de in .2 microsecond with positive output of 70 volts ut 75 ohms imped- 
ance and negative output of 2C0 volts at 40C0 o'vn;-. impedance. The delay circuit 
used is the phantustrcn uel.13 the type 6SA7 tube. T.ie unit operates from a 
line voltage of 115 volts at 50 to 1700 cycles per second and when constructed 
as illustrated wilj. weigh abiut 20 pounds. 
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DESCRIPTION Ali a OPERATI'JN OF THE GE!i£RAL PURPOSE VARIABIiE DELAY. UNIT 

1. Introduction. 

The delay control in the general purpoae delay unit Is derived from an 
electronically regulated d.c, variable control voltage in a phantastron cir- 
cuit using a 6SA7 tube. The phnntaatrois circuit is used because it provides 
for a very linear variation of delay tir-i.», and henoe, allows accurate and 
reliable calibration of a dial aesjeiated with the control voltage variable. 

A detailed discussion of the phantastron principle can be found in 
Radiation Laboratory report, No. 63-21. 

In addition to the phantastron circuit, other circuits are required to 
provide pro.^-r Input voltages and for the derivation of the output trigger 
from the output voltage of the phant'Btrcm eirr.ult. The block diagram In 
Fig. 1 indicates the sequence of circuit operation. 
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Fig. 1 

In this unit a 30 volt positive trigger is d'plied to grid Ho. 2 of 
the 6SA7. This grid acts as a second control element in this tube. The re- 
sulting action results in a ntjative ; avefor.c at the cathode whoae duration 
Is proportional to the value of the control voltage derived from a potenti- 
ometer across the supply voltage. The poeitivj variation of oathode volt- 
age corresponding to the recovery action of the circuit is linear with time. 
Furthermore, the slope of this vrj-lation is oc.nst.nt with respect to control 
voltage and hence the duration of tli* cycle. At some point along tiiia aloue 
the bias on a trigger generator sta&e is jvcroont, resulting in one cycle of 
operation of the trigger generating circuit. 
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The trigger generator 1B a blacking oscillator normally biased to cutoff 
and Its operation is thus delayed from the input trigger by an amount of time 
determined br the control voltage in the phantastron 'circuit. 

A fast riclng pulse occurring in the cathode cirault of the blocking 
oscillator forms the positive trigger output. A negative trigger is obtained 
by inverting this positive trigger In the second half of VI. 

2. Circuits. 

2.1 Inverters. As mentioned in Bection 1 two inverters are used In 
this unit and utilise the two sections of a 6SH7 tube. One provides the pos- 
itive trigger for the phantastron from the negative trigger input terminal 
while the other Inverts tho positive output trigger to make a negative trig- 
ger available from the delay unit. 

In the first ease the trlode soction is n irmally ■ «ducting at zero 
bias. The negative Input momentarily cuts off plate current allowing a fast 
rising positive signal to develop in the plate circuit. The plate load con- 
sists of R5 In parallel with R6 and P10 through C5. CÄ In the grid circuit 
of VIA prevents parasitlo oscillation that was previously observed at this 
point. 

In the second application of the inverter the second section of VI is 
biased beyond plate current cutoff. The grid is direot ooupled to the cathode 
circuit of the trigger generator tube. This point of connection s a fraction 
of a volt above ground potential except when a current pulse flows through it 
due to the operation of the trigger generator. 

2.2 Phantastron delay circuit. The phantastron circuit consists of a 
6SA7 (V2) in conjunction with both sections of a 6SJ7 (V3). Following, for 
the most part, Radiation laboratory report 63-21, we divide the operation of 
the circuit into six stages. The basic circuit is shown In Fig. 2 and the 
waveforms at the various electrodes are Bhown In Fig. 3 

-# , m •+3.GOV 

Fig. 2 
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2.21 Stage VI - MjMI 
order to point out the c mn't. 
of operation Initiated by a ti 
of 15 volts. The plate poter.t 
age by the diode T3. Gl bias 
hg tied to 13+. The screen, 0. 
lector plate tied to G~.. Con. 
to the control voltage minus 1 

t Stage. This stage la considered first In 
ins of the circuit before and after a eyole 
igger. Plate current ie out off by a Gj bias 
Lai la held at approximately the oontrol volt- 
B held near zero by means of Gl current through 
•'., is drawing about 4 »■• mostly bo the col- 

oquently, V0 ie about £0 volte. Cg la charged 
nltial Gi potential. 

2.22 Stage I. This sta :e of operation la Initiated by a 30 volt pos- 
itive trigger applied tu G3, tie second coitrol element in the 6SA7. Space 
ourrent la quickly transferred fr.ira the screen to the plate circuit cutting 
off the diode In ■ fraction of a microsecond. VQ drops as the stray capaci- 
tance from plate to ground is discharged. This Srop In Vp is passed to Gi 
through the cathode follower T? a»d aloael/ behind Gi. In other words, the 
signal on G3 removes its bias nsomentariiy transferring space oiirrent fro* 
screen to plate. But plate current lu such a small fraction if spaoe our- 
rent that T0 also dropa and the regenerative action from plate to Gi keeps 
&i bias from changing appreciably. The duration >f stage 1 dependa mostly 
on  Rj, Cgtray but soaewhat on the shape and duration of the trigger. Stage 
I ends when equilibrium plr.te current flows. RgCg is large compared to 
RLCstray ao that Cg does Mt discharge appreciably. 

2.23 Stage II. An unstable condition now exists because G^ current 
ia cut off and Cg must discharge. It does BO through Rg. causing Vg to rise 
toward B+. An increase in ?late current occurs so that vp falls further* 
This fall in Vp is fed back to Gj,. Screen current also increases but only 
slightly during this stage. This action then corresponds to the action In 
a Hlller feedback circuit. 

V deorecaes exponentially with time, i.e., 

V_ «= K, + ICe T 

Kj_ and K2 involve all the circuit and tube parameters. (See report 
63-21 for derivations.) In order for the delay characteristic of the phan-- 
taatron to be linear Vn aus» decrease linearly so thut T must be large eon- 
pared with any delay time t that may be uaed. For a high u tube such as the 
6SA7 in a region of moderate Gn 11030). T ~ ucJtg. Stage II ends when Vp 
and VBg reach ao low a valuo that lp ceases to increase with decreasing 
bias on G\.   By definition this is a region of low Gn and thus V,, falls 
nonlinearly and eventually becomes constant (about 27 volts In toe delay 
unit) at the end of stage II. This ocnsUnt value of V is Independent of 
control volta>;e. The duration of this otc&e Is given approximately below 
by 

c.v. - ^v, 27 

J^. 

C.V, = control voltage 

ÜV_ = drop In V during stage I. 
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2.84 Uta« in. During tali alar.» Tp !■ ■* 1*» i°*«st possible ▼»!»'- 

■o that no f.edbnok oan ooour between plnte and grid. T- rite« toward B+wltb 
the tl-e oonstnnt BgOg «ltb Ta following alonf olosely and too aoroen taking 
nott it the inc.easing apace aurrent, thereby deoronjlng Tag» lp should ln- 
arease, but 08 blai Is decreasing as U0 Inoreasea so that lp dearer.» s slight- 
ly, oouslng Tp to rise. Va lnareases finally to the point »here ng  bias ap- 
proaches plate current out off, -ar.;lng the end of stsge III. 

£.2C 3taee IT. ?he r generative notion ngnin tnkes hold at the ban- 
ning of this store and Te rises with Tp. Vlß falls sharply no« since lp « be- 
ing out off and the serein is taking up tue Ipaoa aurrent as Qg bias lnfirenses. 
Tp rises at a rate determined by h-4 * 0 stray, as In stage I, and the sir rp- 
nen jf Og lp ant off bias. This stage ends -hen soreen aurrent beoones oon- 
atnnt reg-rdles» of Oi blea. 01 aurrent bogins to floe c oln eventually 
clamping Ol *° tnB quie aent biat oondltlon nt the end >f itrge T. To ot 

the beginning of and Its »to of rl-e during '.his stage in Independent of 
aontrol voltage, nnd nt sowie point of tills rise, the bins of the following 
amplifier stage, T4 la ovoraone so that the output trigger is formed. 

2.26 BMj *• Tn oontlnues to rise according to Bj; X 0 stray until It 
is aau.-ht by .he diode and clamped to the aontrol vo.tnge. T, has reaohed its 
qulesaent voltngo sonetlire during stnge IT, but overshoots it in following Oj 
beyond Its nulesaent point due to feedbnajc fror the plate through the oathode 
foj.lov.er, T2. The shape of this or .••hut la due to the ourrant pulse in Gj 
nnd its dun tlon turns out to be proportional to the dumtlon of the a-.tire 
eyolo, nnd honoe, proportional to the control voltage. This feat is unimpor- 
tnnt .ilnoo the axlmum possible duty cycle renuina about 85 perao::t for nny 
input trl 'gor repetition frequency« 

2.3 Amplifier ami xrxe:,.ai  wie..i<... Tu« oitput tria;or is fsrrinü la 
V^ and V« which are both type (>Myi tube: . Since interelectrode capacity Is 
low In this type it ia possible to obtain very rapid action especially when 
large amounts of feedback are introduced as with a secondary winding of a 
pulse transformer. In the circuit used in Mio delay unit, V4 aots as a 
current ajsplifier which is normally cut off. When the cathode of To rises 
toward its stable value at the end of stage V, V4 grid is carried into the 
plate current conducting region <.nd a faiit current pulse is pulled through 
the plate windln« it Ti, Coupling to the grid windln«; is such that V5 grid 
is driven positive momentarily causing plate current to flow in V«, further 
amplifying the current pulse in 7/. Saturation current is quickly reached 
and when dip/dt becomes cero, grid current in V5 and R28 discharges C]jj, 
and the feedback ction again takes hold so as to drive V4, grid strongly 
negative, cutting off V$ plate current. Now CIS can discharge only through 

R?t$, resulting in a comparatively slow recover/ of V5 grid. In the SMantlme, 
during the positive portion of the frid signal, a current pulue will be formed 
across R27. This current pulse reaches a peak about .b ampere causing a 75 
volt trigger to appear at this point at a very low impedance level, which is 
of the order of 50 ohms, i.e., 

20* m    «W-p ♦ 2t> 
(H+l) R27 + x, + \ 

&!/, 

  



This "osltlve tr.ßger Is availablo at the ps-nel if the instrument and Is also 
direct coupled to the grid of the inverter us described in 2.1 to obtain a 
negative trigger for external use. Since no oscillation In Tj_ can take 
place while the grid i£ V5 is held negative by C12, plate current in V4 de 
teriorate8 to a stable value (^0) and will not change again until the end of 
tho next cycle of operation of the phantastron. 

3. General. 

It Is essential to use hi/h qjalit/ components in this unit if reason 
able reliability >f calibration if delay time is to be expected. This is es 
neclally true for the phantastron circuit itself. For minion» variation duo 
to temperature changes the resistors specified for R7 to Rj« inclusive should 
be of the tres recomne.ider'. in the prtr li.it .\t the end of this raunubl» C5 
ind C& should be of hifh Krade mica PHh us JAN r..'30i, and JAN Cll3fE, re spec 
tively. 

V.hen tube replacements bee ■ necessary for vv and Vj, RjA and Riy c»n 
be readjusted to reset the delay to tho dial calibration. 

Standard receiving type tubes «ore used since they are more generally 
available. Miniature e tulvalents of theBe tubej could be used with some cir- 
cuit modifications if space e msideratlons demand it. In fact, some advan 
tage may be gained in respect to jitti r due tj line voltajo rip. le if a 
6AS6 (miniature) Is used instead if the 6SA7. It BM found th.t heater sup 
ply ripple in th<. 6?A7 cauced a omstcnt jitter of about 0.1 jisec. in the 
output trigger. ThiE jitter would disappear if d.c. wen.- used for heater 
supply. It alpo seems to depend on thu time constant in the grid cirouit 
Blmce it was .02 usec. nhs.ii C5 is used and 0.1 »hen Z(,  Is used for the de 
lay range. 

Fig. A.  is n graph of the amount of delay as a function if the dial set 
ting. It is thus seen that the delay is directly proportional to the dial 
reading. However, it will be noted that this delay is not linear for the 
first & to 1? divisions on b-itn the low und high dolay range corresponding 
to C«, and C6 respectively on switch üw. 2. 

To assist in loc iting trouble when maintenance 1& necessary, the table 
at the end of this text aay be referred to for socket terminal voltages 
that should normally be rend with a 20,000 ohm per volt multimeter. An os 
cilloscope would be desirable for checking wave forms that should appear at 
these points, iteview of the prec-.edi:ig text and reference to the schematic 
diagram should indicate what, these wave forms should ba. 

As shown in the photo; ru hj of Fig. 5, 6, 7, and 3 the packaging util 
lies an SAR type chassis and dust cover. In addition, If thi power trans 
former»' s:«cified in the ports Lint is used, this unit will be suitable 

* At the time the model shown in the photographs was built this transformer 
was nit yet available. About \ pounds wll'. be added to the weijht of the 
unit If It is used. 
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for airborne use and should slve trovble i'ree service under most conditions 
normal to airborne app .ications.    Unler normal room conditions, the oper 
atir.f tera-«rHture inside the «nit readies approximately 53*C. 
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Fie. 9 
VARIABLE TRIGGER OELAY UNIT 

691 



FIG. 6 
OBLIQUE VIEW OF UNIT 
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FIG. 7 
TOP VIEW OF CHASSIS 
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FIG. 8 
BOTTOM VIEW OF CHASSIS 
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TUBE . (VJKET V0UPAG1S 
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PAKTS LIST GEfciUU, ?U?-POSE VAKIAbU' DiiAX 

Voltage 
Coapjncnt Value Hatint. Tolerance JAM if any 

U 470X 1/21 10 percent itC:?0BF474K 
R5 39K 2W 10 percent ROOAfc393K 
H 3« m '..0 percent UCUA1393K 
R7 91K If 5 percent RC30AW13J 
R8            ww 15K low 5 per c «it Kooloho Type KT 
R9 1* 1W 5 percent RC31AE10&J 
RIO            m 10K lor. j percent ...joljr.i Type KT 
RU 6.3K 2f 5 percent RC41AiA8rj 
R13 10K JLW 5 percent RC30AE103J 
RU             pot. 100K i/n 20 percent 
R15 1H 1/2W 1 percent Precision wire w-und 
R16 47K 1W 5 percent RC30AB473J 
R17            WIT 12.5M 10« 5 percent Koolohm 1/i-e KT 
R18              pot. 20K 4W 1 i^ercent OeJur A.J0CO No.281 
R19              pot. 5K 2W 10 percent RAZCA150502AK 
R20 24K 1W 5 percent RC30AE243J 
R21 82K 1* 5 percent RC30AE823J 
R22 ac 1/2W 5 percent RC20UF202J 
R23 1» a 5 percent RC30AU83J nt 5.1X VK TO percent RC30AE512K 
R25 220K ii 5 percent HC30AL22a 
R26 15K IK 5 percent RC30/Ü53J 
R27 150 ■* in 5 percent RC30AE15U 
R28 68* 1   .» 5 peroent HC2UBF683J 
R29 10K 1/2W 10 percent RC20BF103K 
R30 33K 1/2« 10 percent RC20JF333K 
R31 220X 1/2« LI percent HC20BF224K 
R32 470-~ i/r« 10 percent PC20BH74X 
R33 U* 1/2« 10 percent RC2O3F105K 
IM 12K 2« 1C percent RCUA£123X 
R35 2.7K W 10 percent RC30AE272K 
R36 470K 1/21 10 percent KC20BFA74K 
R37 150K 1« 5 percent RC30AE154J 
R33 100K 1« 3 percent RC?0AL104J 

a .001|if 600V 20 percent metal c-.sed oil la- 
1 -i pu   ■ '■ paper 

C2 20Omf 5 percent CM20A201 
C3 2«W 5 percent r. .t.'ASüi 
M 0(H/ 10 ; erce.tt GK20A430 cs .0012jif 5 percent CH30E122 
C6 .'.>.2lU- 

5 percent C135E622 
C7 
C8 

O.ljif triple with 0118517 
l.O.lf Tobe OKfrOl 

C9 lOO^tf 10 percent CM20A1O1 
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Component Vnlue 

Power or 
Voltage 
Rating Tolerance JAN If any 

CIO 
Cll 
C12 
C13 
CU 
cxs 
C16 
C17 
cia 
C19 

l.Ouf 
o.ilif 

,0013(lf 
.Oluf 
.OOltf 

auf 
auf 

0.1+tf 
O.luf 

auf 

450 

450 

Tobe 0M6O1 
Triple with C7 and C17 

CU3QE182 
Sprague metal cased oil paper 

*              n              nun 
Sprague D11167 

n              n 
Acr&vox 618CB 
Tobe 0J61O 

Sprague D11167 

U 10H filter choke 5Cma 240 Freed 12185 

Tl 
T2 

Pulse transformer                       Utah X154T 
Power transformer   R.L. dwg. A14730A to F lncl, C6769A, 
C11952A, C12582P) or T70R7S and T19F97 

Sw 1 
Sir 2 
Sw 3 

SPOT Toggle 
Rotary SPOT 
SPST Toggle 

ST12D 

ST12A 

PI 
P2 
P3 

J1,J3,J5,J7 
J2,J4,J6,J8 

VI 
V2 
V? 
V4 
V5 
V6 
V7 
V8 
V9 

Otal tube aoo>-ets molded mica base bukelite for 1" dia. chassis hole 
Olel - National type 1U 
Fuse holder for 3AG fut.r. 
Puce 3AQ 2 amp. 
Pilot Bulb i.?.i  holder  Miniature ..-ayonette 
Chassis SARCM type B-lh 
Oust cover SARCM type B-13 

Motor plug, artle, chassis, twist lock, ilibbel miniature 
Motor plug, female, cable, t*i.<t lock, Hubbtl miniature 
Line C;rd plug 
Line cord 5 ft long 

Amphonol type 8CS chassis otble cjnnector 
U.H.F. panel Jack - AM »a. SO-239, Navy No. 49194 

6SN7 tube 
6SA7 tube 
CtllcßTY tubb 
ÖA37 tube 
6AC7 tube 
5Y3G tube 
6X6G tube 
6SJ70 tube 
VR105 tube 

>*:-y 



Hardware' 

All screws and nute required must be cadoiun plated. Use either elas- 
tic stop nuts or plain nut and lock washer and slotted head screws. 

Mount potentioaeter, R18, on 1/2 Inch spacers, brass. 

Terminal strips R.L. dwg. a"C96r,C 
Panel drilling layout R.L. dwg. B139670 
Chassis drilling laymt R.L. dwg. 3J.3967F 

R. P. Abbonhouse 
October 26, 1945 
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This variable delay is a device designed for obtaining a trigger pulse delayed in tine 
from an input trigger.    The delay time can be varied continuously from a fixed minimum 
value of about 10 microseconds to a maximum of about 2lj00 microseconds depending on the 
period between input triggers.    The unit will accept a positive or negative trigger 
rising to at least 50 volts in 0.5 microsecond and supplies a positive or negative trigger 
output.    It operates from a line voltage of 115 volts at 5° to 1200 cycles per second and 
will weigh approximately 20 pounds. 
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